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Early ripening, concentrated cropping, and similarity to known genotypes are important to strawberry (Fragaria × ananassa Duch.) breeders and other researchers engaged in the evaluation of small fruit crops. Estimation of the earliness of a new genotype in comparison with other known genotypes is usually done by comparative visual scoring or by comparing the cumulative percentage of ripe fruit after several harvests (Ballington et al., 1990; Khanizadeh et al. 1990; Moore and Clark, 1989a, 1989b) . The conventional percentage of ripe fruit per harvest does not take into account the total yield, a very important factor in marketing small fruit early in the season, nor does it identify genotypes that have potential for early dollar returns. It is possible for a low-yielding genotype with high percentage ripe fruit early in the season to be more profitable, because of higher market price, than high-yielding genotypes with a low percentage of ripe fruit early in the season. Concentration of cropping often is measured by the number of harvests necessary to recover the bulk of the commercial crop. New genotypes also may be assessed by scoring other traits such as appearance, firmness, flavor, vigor, color, susceptibility to diseases, acidity, sweetness, mealiness, etc., by subjective or objective measures (Ballington et al. 1990; Granger et al. 1991; Khanizadeh et al. 1990 ; Moore and Clark, Received for publication 8 July 1991. Accepted for publication 9 Dec. 1991. Agriculture Canada contribution no. 335/91.10.03R. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. 1 Research Scientist, Programmer. 2 Associate Professor of Statistics. 1989a Statistics. , 1989b . However, quantifying the overall phenotypic difference between a new genotype and known cultivars is difficult, especially when many traits are compared. It would be helpful to evaluators to have single indices for comparing genotypes instead of comparing many values for estimating the ripening season, concentration of cropping and deviation, or similarity to other genotypes.
Three mathematical indices were developed to estimate: 1) potential for early dollar return or early ripening (IE), 2) concentrated cropping (IC), and 3) deviation from or similarity of a genotype to known cultivars (ID).
Hypothetical data are used to illustrate the application of these three indices (Table 1) . The 10 given genotypes in this example have different degrees of earliness, crop concentration, and fruit or plant score values. The first harvest date occurred on 24 June (day = 1) and fruits were harvested at 5-day intervals up to July 15 (day = 21). Five plant and/or fruit characteristics (S1-S5) were evaluated on a scale of 1 to 5.
Index of earliness. Equation [1] estimates the potential for early dollar return or early ripening (IE) and considers the yield per harvest relative to the starting harvest date.
where i = 1, 2 ,..., n, n = number of harvests; Y i is the yield at ith harvest; and D i is the number of days from the start of harvesting to ith harvest (e.g., D 1 = 1 for first harvest on June 24, D 2 = 6 for second harvest on 29 June, etc.). Late-ripening genotypes with low percentages of total yield early in the season will have smaller IE values than genotypes with high percentages of yield early in the season (Table 1) . For example, genotype 7 with IE = 160 is a genotype with high potential for early dollar returns, whereas genotype 4 with IE = 11.1 is a genotype with low potential for early sales (Table 1 ). The following numerical example illustrates the calculation of the IE for genotype 1, using the hypothetical data from i=l,2 ,..., n, n = number of harvests; Y i is the percent yield at the ith harvest; and Y is the average of percent yield for n harvests. Genotypes with few harvests (a desirable trait for mechanical harvesting) will have larger IC values than those requiring several harvests (Table 1) . Genotypes 7 and 8, for example, had IC values of 8 and were harvested on one date, whereas genotypes 1, 2, 9, and 10 had the longest harvest periods (IC = 2.4). The indices IE and IC are independent of each other, e.g., genotypes 7 and 8 had identical IC values but different IE values (Table 1) .
The following numerical example illustrates the calculation of IC for genotype 1 using the hypothetical data from Table 1. The advantage of IC over the conventional percent yield per harvest is that it condenses a large array of percentages per harvest into a single value, thereby facilitating genotype comparison.
The indices IE and IC are applicable to any horticultural crop with multiple harvests.
Index of deviation or similarity. Breeders and growers often want to know the degree of deviation or similarity of new and commercial cultivars. Comparison of individual characteristics may not give a complete picture. Also, it is easier to have a single index value to compare rather than an array of traits. Equation [3] is used to calculate an index of deviation (ID) or similarity between genotypes in the same trial. The index ID considers all the characteristics measured for the genotypes.
where i' = specific genotype selected from c total genotypes; i = other genotype in the same trial; j = 1, 2, . . . , t for the specific trait of t total traits for i' th an ith genotype; and S is the score value given to each i' th and ith genotype for a specific jth trait. Genotypes 1 and 2 and genotypes 5 and 6 were similar in terms of plant and/or fruit characteristics, and each pair had the same ID value, but genotypes 9 and 10 with ID values of 44.8 and 63.3 are markedly different from these ( Table 1) .
The following numerical example illustrates the calculation of ID for genotype 1 using the hypothetical data from Table 1 .
The ID index helps to place genotypes with similar plant and fruit characteristics into one group. It quantifies how different or similar a particular genotype (in terms of score) is compared with others (Granger et al. 1991) . ID has other advantages over the conventional additive or weighted score. Genotypes 1 and 10 from Table 1 are used to illustrate this point. Using the additive method, both genotypes have the same total score (Table  1) for plant or fruit characteristics. However, ID yields more information because it takes score variation per trait into account (Table  1) . The ID can be used to evaluate any horticultural crop.
The above formulae can be easily incorporated into Statistical Analysis System (SAS, 1988) for genotype evaluation using multiple or paired comparisons. However, for ease of use, these formulae have been incorporated into an expert system named EVAL, designed for a microcomputer. EVAL was developed on an IBM/AT 386 using MS-DOS version 4.0 and GW-BASIC version 2.23, then compiled to machine language with the Microsoft Basic Compiler. After execution, the user is asked to enter the genotype name, yield per harvest, and number of days relative to first harvest day, at which point the program immediately generates IE and IC. A template is also available for calculation of ID using Lotus (l-2-3 Access System, Lotus Development Corp.). The EVAL program and the Lotus spreadsheet template are available upon request from S.K. on a 3.5-or 5 .25-inch micro flexible disk at a nominal cost (disk, postage, and handling). It can be 25(6):711-712. run on an IBM-PC/XT/AT/PS, or is com-Granger, R. L., S. Khanizadeh, J. Fortin, K. Lappatible with 512K memory (RAM). Common bacterial blight, caused by Xanthomonas campestris (Xcp) including the brown diffusible pigment-producing strain formerly known as X. campestris pv. phaseoli var. fuscans, produces lesions on leaves, pods, and stems of common bean. This seedborne disease is currently controlled in Ontario by production of disease-free breeder seed in Idaho, where dry climate, stringent cultural practices, and rigorous inspection minimize disease development. Three classes of pedigreed seed-Select, Foundation, and Certified-are subsequently produced in Ontario. These pedigreed seed production fields are inspected for blight once at bloom and again 10 to 14 days later. After harvest, up to 30,000 seeds (depending on the results of field inspections and class of seed) are exReceived for publication 20 Aug. 1990. Accepted for publication 28 Oct. 1991. We thank T. Smith and J. Krusky for technical assistance, and the Ontario Ministry of Agriculture and Food and the Ontario Bean Producers' Marketing Board for financial assistance. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. amined for blight by the Agriculture Canada Seed-Borne Disease Unit (Sheppard, 1983) . Blight tolerance levels for tagged seed are set by the pedigreeing agency, the Canadian Seed Growers' Assn. Effective genetic resistance to common blight is not present in common beans recommended for production in Ontario, and the industry is vulnerable to yield and quality losses if the seed production system fails and seed becomes infected.
The limited resistance to Xcp in the P. vulgaris genome has prompted numerous attempts to incorporate resistance from other Phaseolus spp. into P. vulgaris (Coyne and Schuster, 1973, 1974; Honma, 1956; Yoshii et al. 1978) . Parker (1985) transferred common blight resistance from P. acutifolius A. Gray (tepary bean) into P. vulgaris by hybridizing PI 440795 (P. acutifolius) to 'ICA Pijao' (P. vulgaris) and crossing the F 1 progeny to 'Ex Rico 23 ' (P. vulgaris) . Lines from this population were selected for white pea been seed type and tested in the field and under growth-room conditions for pod and leaf resistance to common bacterial blight. The purpose of our study was to evaluate the differences in field performance of these lines by comparing their severity of disease symptoms following inoculation with common blight, and the change in seed yield of the lines grown in the absence and presence of common blight.
Two experiments were conducted in 1987, one to evaluate disease resistance and yield of inoculated plants, and another to evaluate yield of uninoculated plants. A combined yield and disease experiment with inoculated and uninoculated seedlots was planted in 1988 at two locations.
Disease experiment (1987) . The design was a randomized complete block with three replications and 28 genotypes. Each plot was one row, 6 m long, with 60 cm between rows and bordered on either side by one row of 'OAC Seaforth'. Fifty-five seeds were planted in each row. The genotypes included 20 breeding lines derived from the cross 'ICA Pijao'/P.I. 440795//'Ex Rico 23', five genotypes with known resistance to common blight (Great Northern Nebraska #1 sel.27, XR235-1-1-9, XAN 159, XAN 160, XAN 161) (CIAT, 1985; Honma, 1956 ) and three susceptible control cultivars (ICA Pijao, OAC Seaforth, Ex Rico 23). Two-day-old cultures of Xcp, including standard and brown pigment-producing strains, were mixed in water and adjusted to a concentration of 10 8 CFU/ ml. The seeds were vacuum-infused with inoculum for 10 rein, allowed to dry for 24 h, then planted on 11 June at the Elora Research Station, Elora, Ont. Ratings of disease severity (0 = no symptoms, 1 = necrotic spots only, 2 = a few disease lesions on leaves, 3 = moderate number of disease lesions on leaves, 4 = most leaves with large spreading lesions) based on the most severely diseased plant in the plot were made on 17 Aug. Plants were harvested when at least 95% of pods were tan or brown. Seed yield was adjusted to 18% moisture. Analyses of variance were conducted on disease severity and seed yield, and a correlation coefficient was calculated for disease severity and seed yield.
Yield experiment (1987) . The trials were arranged in a randomized complete block design at two locations with 23 genotypes and four replications. The trials were planted at the Woodstock Research Station, Woodstock, Ont., on 10 June and at the Elora Research Station on 15 June. The entries included the 20 selected breeding lines used in the disease experiment and three susceptible control cultivars, ICA Pijao, OAC Seaforth, and Ex Rico 23. The seeds were harvested the previous year from symptomless plots. Plants were harvested when at least 95% of the pods were tan or brown. Seed yield was adjusted to 18% moisture. Analysis of var-
